Plain Language Summary {#S0001}
======================

With modern cataract surgery, patients are interested in having their dependence on spectacles reduced, either for distance or (when patients choose a presbyopia-correcting IOL) for all viewing distances. In both cases, clear distance vision is the most important predictor of satisfaction. Astigmatism, an optical condition that blurs vision at any distance, can negatively affect results after surgery. While glasses and contact lenses may be used to correct astigmatism after surgery many patients would rather have the situation corrected surgically. One option is a second lens implanted in their eye, on top of the first, to reduce their astigmatism. The challenge is that such lenses must be sufficiently stable in the eye that they do not rotate, because rotation would change the effect the lens had on astigmatism. We designed this study to determine if a secondary lens used for correcting astigmatism after the original cataract surgery was sufficiently stable to provide improved vision.

Our results showed that the secondary lenses implanted were very effective in reducing astigmatism in the 18 eyes in which they were implanted. There were only minor differences between the orientation planned for the lenses and their final position. All subjects had 20/25 or better distance vision without glasses after secondary surgery.

Introduction {#S0002}
============

Modern cataract surgery is a refractive procedure, with patient expectations of significantly reduced dependence on spectacles after cataract surgery and intraocular lens (IOL) implantation, at least for distance vision. However, unanticipated residual astigmatism can occur, which produces suboptimal visual outcomes in some patients. A 1.5 line decrease in uncorrected distance visual acuity (UDVA) can occur with each diopter of residual astigmatism.[@CIT0001]

Residual refractive astigmatism can be managed with spectacles or contact lenses, but many patients prefer not to have to rely on these for clear distance vision.[@CIT0002] Surgical alternatives to correct residual refractive astigmatism include corneal refractive surgery, arcuate partial-depth incisions, IOL exchange or secondary lens implantation.[@CIT0003]--[@CIT0007] Corneal refractive surgery, such as photo-refractive keratectomy (PRK) and laser in situ keratomileusis (LASIK), may worsen dry eye and negatively affect visual outcomes in some patients.[@CIT0008] Relaxing incisions may only be appropriate for reducing small amounts of corneal astigmatism.[@CIT0009] Performing an IOL exchange can result in good refractive outcomes for patients,[@CIT0010] but there are risks of zonular damage and capsular rupture. Secondary lens implantation is a less-invasive procedure than an IOL exchange.

Secondary lens implantation began with the "two-in-the-bag" technique, which placed two IOLs in the capsular bag.[@CIT0011] This technique led to interlenticular opacification;[@CIT0012] as a result, secondary lenses are now generally targeted for implantation in the ciliary sulcus. However, these secondary IOLs need to be specifically designed for implantation in the sulcus, as the sharp edges of IOLs designed for the capsular bag can lead to iris chafing and pigmentary glaucoma. [@CIT0013] Secondary IOLs are typically designed with round optic edges (to prevent iris chafing) and a concave posterior surface to reduce the potential for interlenticular opacification. Secondary lens implantation has been demonstrated to provide good visual outcomes and safety for patients,[@CIT0007],[@CIT0014],[@CIT0015] including when implanted to correct residual astigmatism.[@CIT0016]--[@CIT0018]

The AddOn^®^ IOL (1stQ GmbH, Mannheim, Germany) is one secondary IOL option, available in monofocal, multifocal, toric and multifocal toric designs. It has an overall diameter of 13.0 mm and an optic diameter of 6.0 mm. The optic is convex on the anterior and concave on the posterior. Attached to the optic are four soft flexible haptics. Two previous studies have been published evaluating this secondary IOL. Reiter et al[@CIT0019] used human cadaver eyes to investigate alignment and spacing between the secondary and primary IOLs. The results suggested that both the alignment and spacing were adequate, though tilt was observed in a few cases. Gundersen and Potvin[@CIT0007] investigated the visual outcomes in 46 eyes implanted with the non-toric and toric models of this secondary IOL to correct residual refractive error. The authors reported a mean increase of almost 2 lines in uncorrected visual acuity (UCVA) for the 46 subjects evaluated. In the 10 eyes treated with a toric version of the IOL, there was a significant reduction in refractive astigmatism. The purpose of the present study was to evaluate the clinical and visual performance of the toric version of this secondary IOL after sulcus implantation to correct residual astigmatism.

Methods {#S0003}
=======

This study was a non-interventional single-arm study of visual outcomes after successful cataract or refractive lens exchange (RLE) surgery that was followed by sulcus implantation of a secondary toric IOL to correct residual astigmatism. There was no masking and no control group. The study was approved by an institutional review board (REK, Norway) and all subjects signed an appropriate informed consent. The study was conducted in a manner consistent with the tenets of the Declaration of Helsinki. The study involved only a single postoperative diagnostic evaluation, with no intervention, so there was no requirement to register with any clinical trial registry.

Eligible subjects were those who had previous successful primary cataract or RLE surgery in one or both eyes and a secondary toric IOL implanted in the sulcus at a later date. Subjects with surgical complications (either primary or secondary) or pathology that would affect best-corrected visual acuity (eg, amblyopia) were excluded. Subjects were assessed during a single visit 1 month or more after their secondary IOL implantation surgery. Their prior surgery history was recorded, including the IOL originally implanted, the residual refractive error after primary implantation and the secondary IOL implanted. All secondary IOLs were implanted by the same surgeon (KGG) at one site. The online AddOn toric calculator was used to plan the orientation of the sulcus IOL.

Clinical evaluations at the diagnostic visit included measurement of visual acuity, manifest refraction and IOL orientation. The primary measure of interest was the change in orientation of the IOL. This was measured using images from the Casia SS-1000 swept source optical coherence tomography (OCT) scanner (Tomey Corporation, Aichi, Japan). Other measures of interest included distance visual acuity (uncorrected and best-corrected) and the manifest refraction. IOP before sulcus IOL implantation and at the diagnostic visit were recorded where available. Refractive and visual acuity changes were based on by-subject differences, evaluated with a repeated-measures analysis of variance (ANOVA). IOL orientation analysis was limited to descriptive statistics, as there was no comparison group. In addition, a slit lamp examination was conducted to determine if any intralenticular opacification or pigment dispersion due to iris chafing had occurred.

Results {#S0004}
=======

Twenty eyes for possible inclusion in the study were identified from clinical records. One eye was amblyopic and another eye had a surgical complication unrelated to the secondary IOL, leaving 18 eyes for analysis. Secondary IOL implantation occurred from 5/15 to 11/19. Primary lenses included trifocal, EDOF and monofocal IOLs, both sphere and toric. There were insufficient lenses in any group for reliable subgroup analysis. Follow up times after secondary IOL surgery ranged from 43 days to 4.5 years, though the majority of eyes were evaluated 1 to 2 years after surgery. Seven eyes (39%) were examined more than 3 years after secondary IOL implantation. Surgical records showed the mean sphere power of the sulcus toric IOL was 0.03 ± 1.23 D, and ranged from −2.50D to 1.75D. The majority of the IOLs (13/18, 72%) had a cylinder power of 1.5 (7) or 2.25 (6).

[Table 1](#T0001){ref-type="table"} shows the mean spherical equivalent refraction and the refractive cylinder before and after IOL implantation. After secondary IOL implantation, mean residual refractive astigmatism was significantly reduced (p \< 0.001), though there was no appreciable change in the spherical equivalent refraction (p = 0.83). The residual cylinder was not correlated to the cylinder power of the sulcus IOL (p \> 0.05). [Figure 1](#F0001){ref-type="fig"} shows the distribution of residual refractive astigmatism at that latter visit. Sixteen of 18 eyes (89%) had residual refractive astigmatism ≤0.50D, and no eye had more than 0.75D after secondary IOL implantation.Table 1Spherical Equivalent Refraction and Refractive Cylinder Before and After Secondary IOL ImplantationMeanSt. Dev.MinimumMaximumSpherical equivalent refraction (D)Before−0.180.88−1.880.88After−0.150.44−1.130.63Refractive cylinder (D)Before−1.660.93−4.25−0.75After−0.320.25−0.750.00[^1] Figure 1Cumulative dstribution of refractive astigmatism after secondary IOL implantation in the sulcus.**Abbreviations:** IOL, intraocular lens; D, diopter.

After secondary IOL implantation, mean UCVA was 0.00 ± 0.03 logMAR (20/20 Snellen) for the 17 eyes that had a target of plano (one eye was targeted for monovision). No eye had UCVA worse than 0.1 logMAR (20/25) and 13/17 (76%) had a UCVA of plano (0.0) or better. Mean BCVA was −0.05 ± 0.03 logMAR (20/20+2), with all eyes having BCVA of 0.00 logMAR (20/20). Sixteen of 18 eyes had UCVA within 1 line of their BCVA.

[Figure 2](#F0002){ref-type="fig"} shows the distribution of the difference in lens orientation from the intended orientation. The mean difference was −0.1 ± 6.3 degrees, which was not statistically significantly different from zero (p = 0.94). The mean absolute lens orientation was 4.9 ± 3.7 degrees from intended. Sixteen of 18 eyes (89%) had a lens orientation ≤10 degrees from intended, and no eye had a lens orientation of more than 13 degrees from intended. There was no correlation between the time between secondary IOL implantation and the difference in IOL orientation from intended (p = 0.45).Figure 2Distribution of difference in lens orientation from intended.

Intraocular pressure readings just before sulcus IOL implantation and at the diagnostic visit were available for 16 eyes. A repeated﻿-measures analysis of variance showed no statistically significant difference in the IOP before and after the secondary IOL implantation (12.6 ± 2.6 mmHg before and 12.9 ± 2.4 mmHg after, p = 0.54). The mean change for all eyes was 0.4 mmHg, with a range of −6.0 to +4.0 mmHg. No eye had an IOP higher than 20 mmHg at the diagnostic visit.

There was no evidence of any interlenticular opacification in any of the eyes. There was also no evidence of any pigment dispersion.

Discussion {#S0005}
==========

To the best of our knowledge, this is one of the largest published data sets to evaluate the clinical performance of the 1stQ AddOn toric secondary IOL after implantation in the sulcus, and one of the largest for any toric sulcus IOL.

The results of this study demonstrate that the 1stQ IOL can provide visual and refractive outcomes similar to or better than those obtained with other currently available secondary toric IOLs or LASIK to correct residual astigmatism.[@CIT0005],[@CIT0007],[@CIT0016]-[@CIT0018],[@CIT0020]--[@CIT0023] Other toric secondary IOLs include the HumanOptics add-on toric IOL (HumanOptics, Erlangen, Germany) the Sulcoflex toric IOL (Rayner Intraocular Lenses, East Essex, United Kingdom) and the toric Implantable Collamer Lens (ICL, STAAR Surgical). Several older case studies of the HumanOptics IOL can be found in the literature,[@CIT0020],[@CIT0021] though the lens is no longer commercially available. The case study presented by Rabsilber et al[@CIT0021] reported binocular UDVA of 20/20 and high patient satisfaction following bilateral implantation﻿; however, more studies are needed to corroborate this result. Thomas et al[@CIT0018] used the HumanOptics add-on toric secondary IOL in cases with high astigmatism and observed good results, which included a spherical equivalent of ±1.00 D in 65% of eyes. Results here appear as good or better than these, and in a larger sample. The Sulcoflex toric IOL has been used to correct residual astigmatism in patients with and without prior corneal transplantation.[@CIT0016],[@CIT0022],[@CIT0023] McLintock et al[@CIT0016] reported that the visual outcomes in patients with no prior corneal transplantation were acceptable, with 61% of eyes achieving a UDVA of 20/20; the results with the IOL in the current study (76%) appear better than this. The mean UDVA for the toric ICL was reported to be around 0.2 logMAR, almost 2 lines lower than the results achieved in the current study.

The mean residual refractive cylinder was significantly reduced in the current study, with a residual cylinder of 0.50 D or less in 89% of eyes. This appears better than the results reported by Gundersen and Potvin[@CIT0007] for the same lens (but with only 10 eyes); they reported residual cylinder of 0.50D or less in 70% of eyes. The results for the current study also appear better than the 73% reported for the Sulcoflex lens, and 62.5% reported for the toric ICL in prior studies.[@CIT0016],[@CIT0017]

Rotational stability is of critical importance for toric IOLs. Excessive lens misorientation can significantly decrease the effectiveness of the IOL.[@CIT0024] The 1stQ lens studied here had very good rotational stability, with a mean absolute lens rotation \<5°. This is much lower than has been reported for the Sulcoflex IOL. In a large sample, the mean rotation was 8.2° at 1 day and 17° at the last subject visit (at least 3 months postoperative).[@CIT0016] No 1stQ IOLs in the current study needed repositioning, compared to 62% for the Sulcoflex lens in a previous study[@CIT0016] and 25% for the Humanoptics IOLs.[@CIT0016] Despite the fact that the lens is positioned in the ciliary sulcus, the rotational stability achieved with the IOL in the present study appears similar to that observed with primary toric IOLs into the capsular bag.[@CIT0025] The unique haptic design of the IOL studied here may be a contributing factor to this observed stability.

Almost 40% of eyes evaluated were seen more than 3 years after their secondary implant surgery. The absence of intralenticular opacification and pigment dispersion in any of the eyes examined indicates that the IOL design is well suited for sulcus implantation. There was also no material change in the IOP in any eye.

This study has several limitations. The study was based on a post-operative diagnostic evaluation of previously implanted eyes, which is retrospective in nature, as there is no ethical rationale to justify conducting a prospective study. The number of subjects is larger than many comparable studies of secondary IOLs but is still fairly low. Finally, the diagnostic testing was primarily limited to visual acuity and refractive error, though eyes were also examined for interlenticular opacification and pigment dispersion. There may be other measures of interest related to ocular health and/or patient satisfaction that would be useful to quantify.

In summary, the secondary toric IOL investigated in the current study, when implanted in the sulcus, significantly reduced residual refractive astigmatism and provided very good uncorrected distance vision for subjects. Lens rotation was minimal.
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[^1]: **Abbreviations:** D, diopter; St. Dev., standard deviation; IOL, intraocular lens.
